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Evolving VDSL2 Applications

The information contained in this presentation is
not a commitment, promise or legal obligation to

o
deliver any material, code or functionality. 4
The development, release, and timing of any
features or functionality described for our

products remains at our sole discretion.
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Bandwidth: How Much is Enough?

External drivers are stimulating demand beyond 20 Mbps
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MPEG-2 Optimization is Close to Its Limit
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VD32 Applications

VDSL2 enables broadband services for multiple applications

4 Compelling, cost effective advanced services delivery
» High speed data & IPTV — platform / network ready for broadcast to unicast migration
» Deliver lifeline POTS to the subscriber, carrier-grade VOIP to the network

<4 Broadband optimized access platforms — CO, RT, Node or MDU
» Utilize VDSL2 for higher bandwidth on shorter loops

Single Family Mobile Home Park High Rise MDU/SBU

Node CSA Development CSA In-building CSA

.« © 2008 Calix Calix Confidential & Proprietary 5




When Does VD2 Make Sense?

Existing copper infrastructure in good shape

4 Less expensive than building new FTTH
» Drawback is the proliferation of outside plant cabinets

Areas with high broadband penetration and market share

<4 Remote cabinets are expensive to build, operate and power, so take rates
make or break the business case

Areas without significant broadband competition
4 Areas not likely to be built with FTTH by a competitor
< Areas where cable is unlikely to upgrade to DOCSIS 3.0

High density housing and many MDUs

< Brownfield MDUs are ideal for VDSLZ2; this is where VDSL2 has mostly been
deployed outside the United States

.« © 2008 Calix Calix Confidential & Proprietary



VDSL.2 Overview

VDSL2 band plans
4 Specifies frequencies utilized

Profile information

4 Specifies transmit power (dB) levels and frequency range (bandwidth) based
on CSA (CO, RT, node) location

< Enables easy configuration of VDSL2 technology
<4 Profiles are new, not specified as part of VDSL1 standard

Profile optimization
4 Some profiles target CO’s with strong ADSL crosstalk likelihood

4 Others target RT locations with decreased TX power to avoid CO based DSL
interference

< A third profile type is ideal for MDU deployments — extremely high bandwith
over short distances

.« © 2008 Calix Calix Confidential & Proprietary 7
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D3 Soectral Compatibility

DSL Spectrum Utilization

< Any access technology with frequency overlap is an interferer

» High dB launch power generally means a greater likelihood of interference due to
signal strength bleed-over and capacitive coupling between pairs

<4 DMT based DSL technology will provide best inter-binder performance

Annex L | O |
Annex A (G.omT) | Q|
ADSL2/2+ [g]

VDSL

!
0 4 103 140 276 1 15
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VD32 Profiles/ Application

VDSL2 profiles enable network deployment flexibility

4 Profiles are optimized for specific deployment locations
» Watch power transmit levels if inserting VDSL2 mid-span into a common binder

Max Nax. Fre Bandwidth Bandwidth Typ‘ical
DS Powel DS/US (Max Downstream) Max Upstream) A p|| ation
Profile 8b 20.5dBm 8.5/5.2 MHz 60 Mbps 15 Mbps CcO

o

n

2 Profile 8a 17.5dBm 8.5/5.2 MHz 60 Mbps 15 Mbps CcO

@

2

E pmf”}e Sd 14.5 dBm 8.5/5.2 MHz 60 Mbps 15 Mbps RT

<

£ P,Uﬁk c 11.5 dBm 8.5/5.2 MHz 60 Mbps 15 Mbps RT

o

z

é Profile 12a 14.5 dBm 8.5/12 MHz 80 Mbps 40 Mbps Node

o

@©

= |:>r0fi|}e 12b 14.5 dBm 8.5/12 MHz 80 Mbps 40 Mbps Node
. é Profile 17a 14.5 dBm n/a 100 Mbps 50 Mbps MDU
23

%)
8

Note 1: Max VDSL2 upstream power is 14.5 dBm for all band plans / profiles
Note 2: ADSL and ADSL2/2+ all have max downstream power of 20.5 dBm (no profiles)
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VD32 Key Concepts

Transmit power

4
4

4

Access platform power consumption increases with higher transmit power

High bandwidth cannot be delivered with high transmit power due to cross-talk
interference - limits the maximum usable bandwidth

High transmit power typically increases noise due to increased noise power
» Lower frequencies have increased signal power limiting the impact of noise power
» Profiles 12a, 12b, 17a and 30a don't allow transmit power higher than 14.5dBm

To achieve longer reach in the presence of crosstalk from legacy platforms,
downstream transmit power can go as high as 20.5 dBm

ADSL2+ fallback

4

© 2008 Calix

Operation Modes: Forced VDSL2, Forced ADSL2+, Auto-Mode (fallback)
» Auto-Mode allows the DSLAM to attempt VDSL2
» If it cannot connect satisfactorily it will try ADSL2+
» Auto-Mode also enables the CO to attempt to train up at VDSL2
» If CPE doesn’t support VDSL2 then it attempts to train up at ADSL2+

» For Auto-Mode (fallback) to work correctly, VDSL2 VLANs and ADSL2+ ATM PVC’s must both be
pre-provisioned

» Several early VDSL2 CPE only support VDSL2 (no fallback)

Calix Confidential & Proprietary
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VDS .2 to ADS 2+ Fallback

VDSL2 fallback to ADSL2+ greatly enlarges service areas

4 Flexible approach to broadband service delivery
» Utilize VDSL2 for higher bandwidth on shorter loops
» Use ADSL2+ fallback for longer loops
» Ultilize DSL loop bonding to edge out challenging CSAs, increase broadband bitrates

ADSL2+ Bonded ADSL2+

4 y . B
L Video

\’\., e

P
. Voice
{

18kft
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D3 Loop Lengths (downstream)
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VD3 2 Sweet oot (downstream)

Optimal VDSL?2 Profile 8
Performance Range
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VD32 Wire Gauge Effects

120 m— \/DSL2, 24AWG (17)
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Note: Graph reflects test results captured with matched chipsets. (Results may vary)
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DS / Pair Bonding Options

Broadband DSL pair bonding

<4 Bonding enables logical bonding of physical copper pairs
» Simplifies service delivery / provisioning across pairs
» Reduces troubleshooting activities when multiple pairs are involved

< Loops supported with G.Bond technology
» Up to two pairs with ADSL2+ (G.998.1 — ATM mode)
» Up to eight pairs with VDSL2* (G.998.2 — packet mode)

G.Bond technology logically groups
pairs and achieves 85+% bonded

loop bandwidth capacity / throughput

(Bonding overhead/mgt., SNR/AWG differential, interference prevention, etc.)

* Future E5 platform release availability
© 2008 Calix Calix Confidential & Proprietary 15




DS/ Pair Bonding Options

Traditional multiple service offering (voice, video, data)

< Bandwidth requirements are driven by local competition and
bandwidth intensive applications (ex: IPTV or broadband video)

4 Most multiple service providers deploy 5kft — 6kft CSAs for traditional
ADSL2+ offerings

» Enables common service delivery baseline of 14-20 Mbps

4 Low cost ADSL2+ modems are widely available

Service: Multiplay
Technology: ADSL2+

Pair Count: 1
Bandwidth: 16 Mbps

Okft 6kft 18kft
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16



DS/ Pair Bonding Options

Use bonding to increase bandwidth within an existing CSA

4 IPTV services (HDTV or HD VOD) may require bandwidth not
achievable on a single pair

4 G.Bond technology allows two pairs to be provisioned and managed
as a single logical pair

» Scenario: 6kft CSA loops can attain 14-20 Mbps on individual pairs
(AWG, cable condition, noise, etc. impact loop performance)

» Bonding: Two ADSL2+ pairs will deliver 24+ Mbps to the subscriber at 6kft

Service: Multiplay
Technology: ADSL2+

Pair Count: 2
Bandwidth: 24+ Mbps

Okft 6kft 18kft
17
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DS/ Pair Bonding Options

Use bonding to extend CSA, maintain bandwidth baseline
4 IPTV services (HDTV or HD VOD) may require bandwidth not

achievable on a single pair

4 Enables service provider to edge out their access network or provide

service at the access network edge

» Scenario 1: 6kft CSA loops can attain 14-20 Mbps, 9kft CSA loops can attain 8-12
Mbps on individual pairs (AWG, cable condition, noise, etc. impact loop performance)

» Bonding: Two G.Bond pairs will deliver 24+ Mbps at 6kft or 15+ Mbps at 9kft

Increase CSA

ﬁ

Service: Multiplay
Technology: ADSL2+

Pair Count: 2
Bandwidth: 24+ Mbps ----- 16 Mbps

Okft 6kft Okft
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Reviewing Deployment Decision Points
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Note: Graph reflects test results captured with matched chipsets. (Results may vary)
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ol New DSL CPE Worldwide

Millions of Lines
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New North American DS CPE

Millions of Lines
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Different modem, chipset or firmware combinations
can yield varying results on the same copper loop.

Comtrend CT-5621
ForceCom 200B
Thomson 780WL
Xavi 7722r+

25
2 Zyxel P-660HW
2 29
=
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= 15 -
©
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®
@ 49

5
0 - ]

Ok 1k 2k 3k 4k 5k 6k 7k 8k 9k 10k 11k 12k 13k 14k 15k 16k 17k 18k

Loop Length (26 /24 AWG)

Note: Graph depicts a representative example of modem train rates and sample chipset pairings — results may vary.
Due to loop plant variables, continual firmware enhancements, and routine modem optimizations, this graph is not intended to show current modem performance data.
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Maximizing Deployment Options

So what DSL profiles are best?

4

4
4
4

A

.« © 2008 Calix

ADSL2+ for traditional DLCs or loops greater than 5kft
ADSL2+ Annex M for 1.5 Mbps symmetrical services up to 9kft
ADSL2+ G.Bond Annex M for 3 Mbps symmetrical services up to 9kft

ADSL2+ G.Bond for high capacity asymmetrical bandwidth
requirements (IPTV) for loops between 5kft and 9kft

VDSL2 (Profile 8a/8b) for loops with mixed ADSL2+ and VDSL2
launched from same location (ex: CO)

VDSL2 (Profile 8c/8d) for loops with mixed ADSL2+ (over 5kft)
and VDSL2 (under 5kft)

VDSL2 (Profile 12a/12b) for loops under 3kft — large / medium node or
housing / business development

VDSL2 (Profile 17a) for loops under 1kft — small node or MDU
application

Calix Confidential & Proprietary
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Leverage Infrastructure, Drive Revenue

VDSL2
5kft — 8.5 MHz
Profile 8c/d

VDSL2 ADSL2+

3kft - 12 MHz 9kft — 2.2 MHz
Profile 12a/b G.Bond A
VDSL2 VDSL?2 RE-ADSL2 I:I
1kft - 17 MHz 5kft — 8.5 MHz 18kft — 552 kHz

Profile 17a Profile 8a/b

VDSL?2
1kft - 17 MHz
Profile 17a
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Thank You

david.russell@calix.com

The information contained in this presentation is

not a commitment, promise or legal obligation to o
deliver any material, code or functionality. 4
The development, release, and timing of any
features or functionality described for our

products remains at our sole discretion.
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